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[57] ABSTRACT

A control memory error correcting apparatus includes
a control memory, a microinstruction register, a control
pattern generator, a control pattern storage register,
and an operation inhibit signal generator. The control
memory stores a microinstruction including a first field
for controlling a first operation unit by a microinstruc-
fion pattern and a second field for generating a control
pattern for controlling a second operation unit. The
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CONTROL MEMORY ERROR CORRECTING
APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to a microprogram
control apparatus in an information processing appara-
tus and, more particularly, to a control memory error
correcting apparatus having functions of detecting/cor-
recting an operation of a correctable error and inhibit-
ing an operation of an operation unit during an error
detection.

A conventional example will be described below with
reference to the accompanying drawings.

FI1G. 4 shows an arrangement of the conventional
microprogram control apparatus. Referring to FIG. 4, a
microinstruction is stored in a control memory 21. This
microinstruction is constituted by the following compo-
nents: an address field A representing next address in-
formation; an arithmetic control field B for causing a
pattern of the microinstruction to directly control an
arithmetic circuit 25; a control pattern field C for gener-
ating a control pattern of an arithmetic circuit 26; and
an error correcting code according to a Hamming code
given to a series of bit patterns. The microinstruction
read out from the control memory 21 is stored in a
microinstruction register 22.

The control pattern field C of the microinstruction
stored in the microinstruction register 22 is input to a
control pattern generator 23. The control pattern gener-
ator 23 generates a control pattern in accordance with
the microinstruction represented by the control pattern
field C, and inputs/stores it in a control pattern storage
register 24. The control pattern storage register 24 out-
puts the stored control pattern to the arithmetic circuit
26 to control it. Two typical methods of generating a
control pattern will be shown below with reference to
FIGS. 6 and 7. FIG. 6 shows a hardware decoding
method for causing a decoder 72 to decode a second
field of a microinstruction, thereby obtaining a control
pattern. FIG. 7 shows a RAM decoding method of
obtaming a control pattern from a control pattern mem-
ory 73 by using the second field of the microinstruction
as an address. By using the above methods, the control
pattern can be obtained. The arithmetic circuit 26 stores
an arithmetic result in an arithmetic result register 30.

The arithmetic control field B of the microinstruction
stored in the microinstruction register 22 is input to the
arithmetic circuit 25. The arithmetic circuit 25 performs
the operation in accordance with the microinstruction
represented by the arithmetic control field B, and in-
puts/stores the arithmetic result in an arithmetic result
storage register 29. Note that the arithmetic circuit 25
and the arithmetic result storage register 29 constitute
an operation unit 33, and the arithmetic circuit 26 and
the arithmetic result storage register 30 constitute an
operation unit 34.

If error detectors 271 to 273 in an operation inhibit
signal generator 27 detect errors in any of the address
field A, the arithmetic control field B, and the control
pattern field C of the microinstruction stored in the
microinstruction register 22, the detectors 271 to 273
generate an operation inhibit signal D through an OR
circuit 274 and inhibit the updating of the control pat-
tern storage register 24 and the arithmetic result storage
registers 29 and 30 in the operation units 33 and 34.
Therefore, these registers are not adversely affected by
the microinstruction including the errors. The error
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2

correction circuit 28 corrects the error of the microin-

struction and stores it in the microinstruction register 22

during the generation of the operation inhibit signal.
A series of the above operations will be described

below with reference to the timing chart shown in FIG.
S. When an error-including microinstruction Ei’ is
stored 1n the microinstruction register 22, the operation
inhibit signal D is generated, updating of the control
pattern storage register 24 and the arithmetic result
storage registers 29 and 30 is inhibited, and the registers
24, 29 and 30 respectively keep holding data F1;.1, R1;;
and R2;5. An error-corrected microinstruction FEi is
stored in the microinstruction register 22 in the next
clock cycle. The operation inhibit signal D is canceled
and a normal operation restarts. Therefore, operations
of the control pattern storage register 24 and the arith-
metic result storage registers 29 and 30 are not ad-
versely affected by the microinstruction Fi’ and can be
properly performed.

In the control memory error correcting apparatus of
this type, the correctable error is detected in all fields of
the microinstruction and the updating of the control
pattern storage register 24 and the arithmetic result
storage registers 29 and 30 in the operation units 33 and
34 is inhibited in an error-detected clock cycle.

In the conventional control memory error correcting
apparatus as described above, the correctable error is
detected in all fields of the microinstruction and the
operation of the operation units is inhibited in an error-
detected clock cycle.

A microprogram control apparatus, generally, com-
prises a plurality of LSIs. Some LSIs are arranged near
an arithmetic circuit, and some LSIs are arranged away
from an arithmetic circuit. The microinstruction regis-
ter is realized by the plurality of LSIs in a distributed
manner. For this reason, when an error is detected in all
the fields of the microinstruction and the operation
inhibit signal D is generated, the delay time of the oper-
ation inhibit signal D during its propagation from the
microinstruction register 22 of the remote 1.SI to the
control pattern storage register 24 and the arithmetic
result storage registers 29 and 30 is prolonged. There-
fore, the clock cycle is also prolonged.

SUMMARY OF THE INVENTION

It 1s a principal object of the present invention to
provide a control memory error correcting apparatus
for preventing a clock cycle from being adversely af-
fected by a delay of an operation inhibit signal.

It 1s another object of the present invention to pro-
vide a control memory error correcting apparatus for, if
an error 1s generated in any of the fields in a microin-
struction, preventing an operation unit from being ad-
versely affected by the error.

In order to achieve the above objects, according to
the present invention, there is provided a control mem-
Ory €error correcting apparatus comprisirig a control
memory for storing a microinstruction including a first
field for controlling a first operation unit by a microin-
struction pattern and a second field for generating a
control pattern for controlling a second operation unit,
a microinstruction register for storing the microinstruc-
tion from the control memory, a control pattern genera-
tor for generating the control pattern in accordance
with the second field from the microinstruction register,
a control pattern storage register for storing the control
pattern from the control pattern generator, and an oper-
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ation inhibit signal generator for changing timings and
destinations of the operation inhibit signals output to the
first and second operation units and the control pattern
storage register in accordance with the types of error-
detected fields when a correctable error 1s detected in
any of the first and second fields stored in the microin-
struction register.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an embodiment of 10

the present invention;

FIGS. 2 and 3 are timing charts for explaining an
operation of the present invention;

FIG. 4 1s a block diagram showing a conventional
example;

F1G. §is a timing chart for explaining an operation of
a conventional example; and

FIGS. 6 and 7 are block diagrams showing detailed
arrangement of a control pattern generator of the em-

- bodiment of the present invention and a conventional 20

control pattern generator, respectively.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

15

The present invention will be described below with 25

reference to the accompanying drawings.

FIG. 11is a block diagram showing an embodiment of
the present invention. The same blocks i FIG. 1 have
the same functions as in the conventional example of
FIG. 4, except for an operation inhibit signal generator
7, and a detailed description thereof will be omitted.
Error detectors 72 to 74 1in the operation inhibit signal
generator 7 output an operation mhibit signal D to an
operation inhibit signal line 12 through an OR circuit 76
in a clock cycle when an error is detected in an arithme-
tic control field B as a first field of the microinstruction
stored in a microinstruction register 2. Updating of a
control pattern storage register 4 and arithmetic result
storage registers 9 and 10 in operation units 13 and 14 is
inhibited. Furthermore, when an error is detected in a
control pattern field C as a second field of the microin-
struction or an address field A by the error detectors 72
to 74, a flip-flop 71 is set through an OR circuit 75. The
flip-flop 71 holds a signal representing the presence of

30

35

an error during one clock cycle and outputs the opera- 45

tion mhibit signal D through the OR circuit 76. The
updating of the control pattern storage register 4 and
the arithmetic result storage registers 9 and 10 is 1nhib-
ited. However, when an error 1s detected 1n the control
pattern field C as the second field of the microinstruc-
tion, the control pattern stored in the control pattern
storage register 4 is an erroneous control pattern gener-
ated by a control pattern generator 3 in accordance
with a microinstruction including an error. Therefore, if
the control pattern storage register 4 keeps holding this
control pattern, the arithmetic circuit 6 in the operation
unit 14 is erroneously controlled at the end of the opera-
tion inhibit signal D. The erroneous arithmetic result is
stored 1n the arithmetic result storage register 10. For
this reason, the control pattern generated in accordance
with the microinstruction including the corrected error
needs to be stored in the control pattern storage register
4 in the clock cycle next to the error-detected clock
cycle. In order to realize this, a set signal is output to the
control pattern storage register 4 through a set signal
line 11 and the control pattern generated in accordance
with the error-corrected microinstruction is stored in
the control pattern storage register 4 even if the opera-

4

tion inhibit signal D is being output. The error of the
microinstruction does not adversely affect the arithme-
tic circuit 6 so that the microprogram control apparatus
can be properly performed.

The above operation will be described with reference
to timing charts by a case in which an error is detected
in the arithmetic control field B as the first field of the
microinstruction stored in the microinstruction register
2, and a case in which an error is detected in the arith-
metic control field C as the second field.

FIG. 2 1s a timing chart obtained when an error is
detected in the arithmetic control field B as the first
field of the microinstruction, and FIG. 3 is a timing
chart obtained when an error is detected in the arithme-
tic control field C as the second field.

In FIG. 2, when a microinstruction Eli’ including an
error 1n the first field of the microinstruction is stored in
the microinstruction register 2, the operation inhibit
signal D is output in the same clock cycle. Since the
error 1S an error n the first field of the microinstruction,
a set signal is not output. For this reason, updating of
the control pattern storage register 4 and the arithmetic
result storage registers 9 and 10 is inhibited by the oper-
ation inhibit signal ID and the registers 4, 9 and 10 re-
spectively keep holding data F1:.1, R1;.; and R2;.; until
the clock cycle next to the error-detected clock cycle.
The operation inhibit signal D is canceled in the clock
cycle next to the error-detected clock cycle and each of
the registers 4, 9 and 10 are updated. Therefore, the
arithmetic circuit § controlled by the first field of the
microinstruction is not adversely affected by the error
and can be properly operated.

In FIG. 3, when a microinstruction E21’ including an
error in the control field B as the second field of the
microinstruction 1s stored in the microinstruction regis-
ter 2, the error is detected in the same clock cycle and
the operation inhibit signal D is output from the next
clock cycle to the second succeeding clock cycle. A set
signal line 11 outputs a set signal from the first succeed-
ing clock cycle of the error-detected clock cycle to the
second succeeding clock cycle so as to cancel the opera-
tion inhibit signal D in the control pattern storage regis-
ter 4. The set signal causes the control pattern storage
register 4 not to keep holding a control pattern Fi' gen-
erated by the microinstruction E2i’ including an error
until the next clock cycle. The control pattern Fi gener-
ated by the new error-corrected microinstruction E21 1s
stored. Therefore, the arithmetic circuit 6 controlled by

~ the control pattern is not adversely affected by the error
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in the second field of the microinstruction from the
microinstruction register 2 and can be properly oper-
ated.

As has been described above, an LSI arranged near
the arithmetic circuit is assigned the arithmetic control
field as the first field of the microinstruction and an LSI
arranged away from the arithmetic circuit is assigned
the control pattern field as the second field of the micro-
instruction. When an error is detected in the first field,
the operation inhibit signal reaches the arithmetic cir-
cuit within a short delay time since the first field is near
the arithmetic circuit. When an error is detected in the
second field, although the second field is away from the
arithmetic circuit, the operation inhibit signal may
reach the arithmetic circuit by the clock cycle next to
the error-detected clock cycle. Therefore, since one
flip-flop can be arranged midway along the path to the
arithmetic circuit, no problem occurs due to the delay
time by the operation inhibit signal. According to the
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present invention, the limit in the clock cycles of the
microprogram control apparatus and the arithmetic
circuit related to the delay time by the operation inhibit
signal is prevented.

What is claimed is:

1. A control memory error correcting apparatus com-
prising:

a first operation unit;

a second operation unit;

a control memory for storing a microinstruction in-
cluding a first field for controlling said first opera-
tion unit, a second field for generating a control
pattern for controlling said second operation unit
and a third field baving an error detecting and
correcting code and an address of a microinstruc-
tion to be executed subsequently:;

a microinstruction register for storing the microin-
struction from said control memory, designating a
micromstruction address to be read subsequently
from said control memory by the third field of the
stored microinstruction and controlling said first
operation unit by the first field of the stored micro-
instruction:

a control pattern generator for generating a control
pattern for controlling said second operation unit
in accordance with said second field from said
microinstruction register at a clock cycle next to a
clock cycle at which said first field controls said
first operation unit;

a control pattern storage register for storing the con-
trol pattern generated by said control pattern gen-
erator and controlling said second operation unit;
and

an operation inhibit signal generator for detecting, by
the error detecting and correcting code of said
third field, whether an error has occurred in any of
said first, second or third fields of the microinstruc-
tion stored in said microinstruction register, out-
putting an operation inhibit signal for inhibiting the
operation of said control pattern storage register
and said first and second operation units when a
correctable error is detected, and outputting a can-
cel signal for invalidation of the operation inhibit
signal to said control pattern storage register when-
ever the correctable error is detected in said second
or third field.

2. An apparatus according to claim 1, further com-
prising an error correction circuit for detecting, by the
error detecting and correcting code of said third field,
whether an error has occurred in the microinstruction
stored 1n said microinstruction register, and whenever
an error 1s detected and the detected error is correct-

10

15

20

235

30

35

40

45

50

53

65

6

able, correcting the error and storing a corrected micro-
mstruction in said microinstruction register.

3. An apparatus according to claim 1, wherein when
the correctable error is detected in said first field stored
in said microinstruction register, the operation inhibit
signal is outputted from a correctable-error-detected
clock cycle, and the operation inhibit signal is outputted
to said first and second operation units and said control
pattern storage register unit, and a microinstruction
corrected for the correctable error by said error correc-
tion circuit is stored in a microinstruction register.

4. An apparatus according to claim 1, wherein when
the correctable error is detected in said second or third
fields, a flip-flop in said operation inhibit signal genera-
tor 1s set during the detection of the correctable error,
an output of said flip-flop is outputted, as the operation
inhibit signal, to said control pattern storage register
and said first and second operation units from a clock
cycle next to a correctable-error-detected clock cycle, a
microinstruction corrected for the correctable error by
said error correction circuit is stored in said microin-
struction register, a microinstruction to be executed
next to the correctable-error-detected microinstruction
1s stored in said microinstruction register, and the opera-
tion inhibit signal is outputted to said first and second
operation units until the control pattern generated by
said second field of the error-corrected microinstruc-
tion is stored in said control pattern storage register.

5. An apparatus according to claim 4, wherein said
operation inhibit signal generator simultaneously out-
puts the operation inhibit signal and a cancel signal of
the operation inhibit signal to said control pattern stor-
age register.

6. An apparatus according to claim 1, wherein said
operation inhibit signal generator comprises first means
for, when the correctable error is detected in said first
field, generating a first inhibit signal from a correctable-
error-detected clock cycle to a next clock cycle, second
means for, when the correctable error 1s detected in said
second field, generating a second operation inhibit sig-
nal and outputting a cancel signal of the operation in-
hibit signal to said control pattern storage register from
a first succeeding clock cycle of the correctable-error-
detected clock cycle to a second succeeding clock cy-
cle, and third means for outputting a logical sum of the
first and second operation inhibit signals to said first and
second operation units and said control pattern storage
register.

7. An apparatus according to claim 1, wherein said
cancel signal 1s outputted to said control pattern storage
register from said operation inhibit signal generator
prior to said inhibit signal being outputted to said con-
trol pattern storage register from said operation inhibit

signal generator.
* % k %k %
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